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Abstract 
Phosphate sorption by sediments sampled downstream of the Béni Haroun water dam was studied. Experiments were conducted 
to assess the effects of time, phosphate concentration, sediment dose, pH and temperature. Infrared spectroscopic analyses and 
sequential extractions were performed to characterize the mechanism of phosphate interaction with the sediments. The results of 
the macroscopic tests indicated that the fixing of phosphate ions is accomplished in two stages: the first rapid and the second 
slow. The kinetic data corresponded very well to a pseudo second-order equation. The equilibrium data was described by a 
Freundlich isotherm. The adsorption capacity increased with increasing temperature. It was highest in the pH range 7-8. In the 
IR spectrum, the adsorbed phosphate was characterized by a peak at approximately 1145 cm-1 indicating relatively strong 
bonding between the adsorbed phosphate and the sorptive sites on the surface. In the sediments, phosphorus is mainly bound to 
calcium. 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of ISWEE’11 
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1. Introduction  
The discharge of excessive nutrients such as phosphorus and nitrogen in freshwater ecosystems stimulates the 
growth of algae involving the development of eutrophication. Phosphorus inputs are provided by agricultural and 
urban discharges. In aquatic environment, phosphorus may be recycled between particulate and soluble phases 
through physical, chemical or biological  processes [1]. Generally, sediments can accumulate high phosphorus 
quantities [2] and therefore act as reservoirs since they can release it depending on environmental conditions [3].  
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However, the biodisponibility of phosphorus is strongly related to its speciation [4]; not all the sediment fractions 
are responsible for its mobility and availability to the planktonique biomass. Consequently, the partition of 
phosphorus into its labile and refractory components is necessary to determine its bioavailability [5]. The present 
study aims to determine and characterize the adsorption capacity of sediment collected  downstream the Beni 
Haroun water dam in Algeria.  
2. Material and methods 
All chemicals used in this study were of analytical grade reagent and no purification was used. All experimental 
vessels and storage containers were Pyrex glass.  
2.1. Sediment sampling and characterization 
Sediment samples were collected in winter and spring downstream of Béni haroun dam located in northeastern 
Algeria. The sediment samples were kept in plastic bags and transported to the laboratory, where they were dried 
and ground. After drying at 40°C, the samples were sieved using a 0.315 mm mesh and stored in polyethylene 
bottles until use. The measurements of pH and electrical conductivity were carried out in suspensions formed with 
distilled water.  
2.2. Phosphate sorption experiments 
2.2.1. Effects of time, phosphate concentration and sediment dosage   
Dried sediments samples (0.2 g) were added in a series of 250-ml beakers with 100 ml phosphate solution (KH2PO4) 
at various concentrations ranging from 0.1 to 0.8mM. The formed suspensions were agitated at 250 rpm.  Samples
were withdrawn at different time intervals and immediately centrifuged at 5000 rpm for 10 min; the supernatant was 
used for phosphate analyses. The effect of sediment dosage was studied by preparing suspensions prepared by 
combining 100ml of the phosphate solution (0.1mM) and various weights of sediment ranging from 0.05 to 1g. The 
phosphate sorption capacity of sediments was obtained from the difference between the initial phosphate 
concentration and the equilibrium phosphate concentration. 
2.2.2. Effects of pH and temperature  
Phosphate sorption was also evaluated at 30°C by using 100ml phosphate solution (0.1mM) and 0.2g sediment. The 
effect of pH was evaluated in solutions prepared  by mixing 100ml of phosphate solution (0.4mM) and 0.2g of the 
sediment sample; HCl (1M) or NaOH (0.1N) solutions were used for pH adjustment in the pH range 6-9. 
2.3. Evaluation of sorption mechanism 
  
Phosphorus interaction with sediments was characterized by IR analyses and sequential extractions. For infrared 
analysis, a recovered sediment was mixed with powdered KBr in an agate mortar and compressed into disk. 
Transmission infrared spectra were recorded in the 4000 to 400 cm-1 range using a Hyper IR Shimatzu E 
spectrophotometer. In sediment sample treated in a batch system with phosphate solution (0.5Mm), phosphorus was 
extracted successively by NH4Cl (1M), NaOH (1M) and HCl (0.5M). 
287Sarah Azzouz et al. / Procedia Engineering 33 (2012) 285 – 292Azzouz  et al / Procedia Engineering 00 (2011) 000–000 3
2.4. Phosphate analyses 
In all experiments, phosphate ions were analyzed in the supernatant recovered after centrifugation by the 
molybdenum blue method [6]. The absorbance was measured at 700nm with a UV-1650PC Shimadzu 
spectrophotometer and compared to a standard curve.  
3. Results and discussion     
3.1. Physicochemical characterization 
The results of physicochemical analysis are presented in Table 1. Sediments samples had an alkaline pH, which may 
be related to the presence of carbonates. The samples taken in winter were more mineralized.  
Table 1: Physicochemical characteristics of sediments samples 
Sediment sample winter  sample                 spring sample 
pH 
Electrical conductivity (µs/cm) 
8.54                                    8.57 
445                                    217 
3.2. Phosphate sorption on sediments 
3.2.1. The sorption kinetics  
The results of the sorption kinetics of sediment samples (Figure 1) suggest a two step process: a rapid first step 
followed by a second slower. This complex kinetics was attributed to the presence of two types of sites [7]. The 
phosphate sorption capacity increased rapidly with time; a quick sorption process occurring within 15min. Previous 
studies in soils showed that the P sorption process was highly nonlinear as energy levels varied among different 
binding sites on the solid surfaces; high-energy sites were always occupied in the first place [8]. Apparent P sorption 
was reported to be a combination of two main processes: ‘fast sorption’ and ‘slow sorption’ [9]. The increase in 
phosphate concentration did not affect the sorption kinetics.  
Two kinetics models were applied: a pseudo-first order and a pseudo-second order (Figures 2 and 3). The correlation 
coefficients showed that the phosphate uptake kinetics is better described by the pseudo second order model. 
   
3.2.2. The isotherm sorption  
The experimental sorption isotherms of phosphate on sediments are shown in Fig. 4.They have the shape of 
isotherm type III [8], characteristic of a heterogeneous surface. The phosphate sorption capacity could be fitted by 
Langmuir and Freundlich models (Figures 5, 6). It is best represented by the Freundlich equation. For a fixed 
adsorbate concentration (0.1mM), the sorption efficiency (Figure 7) increased with increasing sediment dose in 
0.05-0.5g range due to the increase in the number of sorption sites and greater surface area [10]. However, for a 
higher sediment quantity, no effect on phosphate sorption was observed involving the intervention of other 
parameters such as the nature, the distribution and the size of particles.   
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Fig.1: Experimental phosphate sorption kinetics (a) Samples collected in winter; (b) Samples collected in spring. 
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Fig.2. Kinetics of phosphate sorption – pseudo first order model. (a) Samples collected in winter; (b) Samples collected in spring. 
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Fig.3. Kinetics of phosphate sorption – pseudo second order model. (a) Samplse collected in winter; (b) Samples collected in spring. 
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Fig.4. Experimental sorption isotherm of phosphate. (a) Samples collected in winter; (b) Samples collected in spring. 
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Fig.5. Langmuir isotherm sorption. (a) Samples collected in winter; (b) Samples collected in spring. 
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Fig.6.  Freundlich isotherm sorption. (a) Sample collected in winter; (b) Sample collected in spring. 
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Fig.7. Effect of sediment dose 
3.2.3. Effect of pH and temperature 
In the pH range studied, the adsorption of phosphate ions increased with increasing pH (Figure 8a). It was greater in 
the pH interval 7-8; which can be regarded as the range of phosphate uptake by sediments.  A significant increase in 
phosphate sorption was observed at 30°C (Figure 8b), showing that the phosphate uptake by sediments is more 
important in the hot season. However, this result may not reflect what happens in nature, as biological activity plays 
an important role in such conditions.   
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Fig.8. (a) Effect of temperature; (b) Effect of pH 
3.3. IR analyses  
The characteristic bands of phosphate groups can appeared in the IR range 1000-1200 cm-1 [11]. After adsorption, 
the appearance of the band at 1145.6 (Figure 9) is related to the formation of inner sphere complex, reflecting a high 
interaction. 
    
Fig.9. IR spectrum of sediment sample collected in spring and treated with phosphate
3.4. Phosphorus speciation 
The phosphorus distribution in the various fractions was the same for the two sediment samples. The speciation 
showed that the sorbed phosphorus was mainly bound to calcium and metals oxides (Figure 10). As the sediment pH 
exceeded 7, the calcium-bound phosphorus can be in the form of Ca-HPO4 [12].   
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A significant quantity of phosphorus was observed in the soluble fraction (Table 2). The results, suggested that 
approximately 30% of the sorbed phosphorus can be available.  
Table 2:  Phosphorus fractionation in sediments treated with phosphate (mg/kg)  
Reagent winter  sample                 spring sample
NH4Cl (1M) 
NaOH (1M) 
HCl (0.5M) 
47.54 ± 0.47                      44.09 ± 0.01 
124.63 ± 5.06                   103.84 ± 9.87 
368.34 ±11.86                  382.20 ± 15.76 
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Fig.10. Relative percentage contribution of different phosphorus fractions in sediment treated with phosphate 
4. Conclusion 
Results suggest that phosphate sorption on sediments occurs in two steps: an initial fast stage and a second slower 
one. These kinetics could be well represented by a second order model. The evolution of the sorption rate at 
different sediment dose revealed the presence of preferential sites. The adsorption isotherm was best described by 
the Freundlich model. The amount of phosphate fixed increases with increasing temperature. It was more important 
in the pH range 7-8. In the sediments, phosphorus is mainly bound to calcium. 
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